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EXECUTIVE SUMMARY

Pearl Harbor is a major geologic feature of the island of Oahu and the receiving waters for
several watersheds of the most populated island in the Hawaiian archipelago. The springs,
streams, and tidally influenced waters combine to provide a variety of wetlands and wetland
functions. Over the past 150 years, a dramatic population increase has resulted in development
over most of the surrounding areas and alteration of land use and drainage patterns. This in turn
has changed the quantity and characteristics of the wetlands presently existing in the region.

As part of the Pearl Harbor Integrated Natural Resources Management Plan, the Pacific Division,
Naval Facilities Engineering Command has tasked the U.S. Army Corps of Engineers Honolulu
District to delineate the wetlands of Pearl Harbor on specific U.S. Navy installations. The
delineations were performed in accordance with the Corps of Engineers 1987 Wetland
Delineation Manual and were certified for regulatory purposes by the Corps Honolulu District
for five years. This report contains the documentation which went into the delineation process.

In addition to the delineations, reconnaissance level wetland mapping was accomplished for
surrounding areas including wetlands in areas not owned by the U.S. Navy. The mapping was
performed to get an estimate of the total quantity of wetlands in the Pearl Harbor area to
determine the relative scarceness or abundance of these special aquatic sites. The reconnaissance
mapping will give the reader an idea of the location and size of the wetlands but does not have
detailed data sheets and is not certified for regulatory permit actions.

Wetlands are dynamic in nature and their characteristics and size vary with changes in land use,
hydrology patterns and other natural and human actions. This report and its contents are a
snapshot of the wetlands that will surely change over time. It is intended that the research,
mapping, and database that has been accomplished for this effort be put in a format that can be
used for future updates or for individual wetlands. Geographic Information Systems (GIS),
Computer Aided Drafting and Design (CADD), and Global Positioning System (GPS) techniques
were used to provide a layer of information of present wetland conditions and forms a basis for
collecting comparative data in the future.

The digital mapping was accomplished using Intergraph’s MicroStation SE and IRAS/C software
connected to a MicroSoft Access database. Both the digital wetland map and database are
included in a CD that is part of this report. Other resources such as historical maps, previous
wetland mapping efforts, and related permit actions have been combined into an ArcView project
which is also included in the CD. Text documents were scanned in Adobe Acrobat PDF format.
A set of foldout maps showing the wetland delineations are also a part of this report.
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Chapter 1 - Introduction

1.1 Study Purpose

The purpose of this project was to map wetlands in the Pearl Harbor area and to perform
wetland delineations at Ford Island, Halawa Stream, McGrew Point, Pearl City Peninsula,
Naval Magazine Lualualei West Loch Branch (including Waipio Peninsula), Iroquois
Point Naval Housing Area, and Puuloa Rifle Range Annex Camp Smith. In June 1998,
the Corps and the Navy met several times to discuss the scope of work. Based on the
meetings, it was determined that the objectives of the project are to: (1) provide certified
delineations of wetlands on Naval properties; (2) provide a digital map and to develop
and populate a wetland database for use with the Navy’s GIS; and (3) to perform
reconnaissance level mapping to obtain an estimate on the approximate aerial extent of
wetlands surrounding Pearl Harbor.

Digital maps of Pearl Harbor’s wetlands have been prepared using CADD software to
complement existing digital data. The digital maps are compliant with Tri-Service
Spatial Data Standards format to allow the greatest possible usage through CADD and/or
GIS formats. An MS-Access database contains attribute information on the wetlands.

In addition to the MicroStation and MS-Access files, an ArcView project was created to
demonstrate linkages with other digital information such as the data sheets, photographs,
permit documents, and other reference material. The scripts developed are included in
the project CD and are not encrypted in order to allow the project to be refined and
adapted for future needs.

Wetland delineations and reconnaissance wetland maps are the two main products
provided. The delineation map is certified by the Corps’ regulatory office and sufficient
for regulatory purposes. (See Appendix A for certification letter) The reconnaissance
level mapping does not have sufficient documentation to warrant certification but locates
and quantifies areas highly likely to be considered wetlands. The development of these
maps are discussed in Chapter 2 of this report.

1.2 Wetland Functions and Values

In the past, wetlands were called swamps and treated accordingly. People had visions of
mosquitoes and considered the swamps as convenient places for dumps and places to
build facilities that were unwanted in their neighborhoods. Kawai Nui Swamp on Oahu
was used as a sewage disposal area and partially filled with construction debris and other
industrial, commercial, and personal waste. Waikiki and Ala Moana were formerly
marshes that were dredged and filled to reclaim land. All three of these areas functioned
as sediment basins, stormwater retention areas, nurseries for fish, and prime nesting areas
for currently endangered waterbirds. In the Pearl Harbor area, Kalauao, Makalapa Crater
and Pearl City Peninsula wetlands were filled for similar reasons.

ARO00044206



‘Wetlands of Pearl Harbor

Pearl Harbor, Oahu, Hawaii Manuscript!mro.nOC

U.S. Army Engineer District, Honolulu

Wetlands can be productive natural ecosystems for fish and wildlife. In the main
Hawaiian islands, there are four endangered waterbirds: the Koloa maoli or Hawaiian
Duck (Anas wyvilliana), the Hawaiian Stilt (Himantopus mexicanus knudseni); the
Hawaiian moorhen (Gallinula chloropus sandvicensis), and the Hawaiian Coot (Fulica
alai). The Hawaiian Waterbird Recovery Plan designated portions of Pearl Harbor as
both primary and secondary habitat areas for these endangered waterbirds. Primary
habitat provide all of the requirements for completion of the annual life cycle for a
significant number of birds in a region. Secondary habitat are of lesser importance and
support a small number of birds.

The wetlands of Pearl Harbor provide a variety of habitat for waterbirds including
mudflats, shallow ponds, and coastal wetlands. The U.S. Fish and Wildlife Service has
established the Pearl Harbor National Wildlife Refuge (PHNWR) at two locations. The
Honouliuli unit of the PHNWR is located near the West Loch shoreline park while the
Waiawa unit of the PHNWR is located on the west side of the Pearl City Peninsula.

The wetlands along the coastline, streams and ponds also provide habitat for fish and
crustaceans which are a part of the food chain. Mullet, barracuda, and aholehole use the
brackish water areas during their life cycle. Mudflats provide feeding and resting areas
for the endangered Hawaiian Stilt.

In addition to providing wildlife habitat, wetlands slow water velocities and help to trap
sediments and pollutants before they can enter Pearl Harbor. Wetlands can break down
the pollutants and reduce the sediment and pollutant load to improve water quality in
coastal areas. Wetland plants absorb nutrients and help to purify the water much like a
kidney. In some areas of the world, wetlands are created to help treat sewage and
stormwater runoff.

Another function of wetlands is to absorb excess water during floods which is then slowly
released. This helps to reduce the peak discharges caused by floods. Wetland vegetation
also protects shorelines from erosion by absorbing wave energy. However, aggressive
vegetation such as mangroves can also lead to unwanted land building, obstruction of the
view plane, and worsening drainage conditions. Several of the streams in the Pearl
Harbor area are choked with mangroves and may experience some of these negative
1mpacts.

In the past, Pearl Harbors wetlands were used for fishponds and agricultural purposes.
Some of these wetlands are being actively farmed for watercress, lotus root, and taro,
particularly in the Waiawa area.

The aesthetic values and recreational values provided by wetlands for fishing, hiking and
wildlife watching are also important. As Oahu grows more urban, green space and
wildlife become increasingly harder to find.

AR00044207



‘Wetlands of Pearl Harbor

Pearl Harbor, Oahu, Hawaii Manuscript!mro.nOC

U.S. Army Engineer District, Honolulu

In recent years, society has come to realize the values and functions of wetlands. Filling
small wetlands may seem insignificant especially when looking only at the adjacent
environment. However, filling a number of small wetlands can cause a cumulative effect
and irretrievable damage to these special aquatic sites.

1.3 Wetland Definition

Since 1899, the Corps has been regulating the nation’s navigable waters under the
authority of the Rivers and Harbors Act. In 1972, the Clean Water Act was enacted. In
1975, the Corps adopted new regulations that added nonavigable waters including
wetlands, into the definition of waters of the U.S. Of particular interest is Section 404 of
the act which requires a permit to be obtained from the Corps of Engineers before dredge
or filled materials can be discharged into waters of the U.S. including wetlands.

The Corps has come out with guidance on how wetlands are defined. The Corps
developed a wetland delineation
manual in 1987. The manual
was rewritten in 1989 and this
version was used for several
years. Later, the Corps signed a
Memorandum of Agreement
(MOA) with the Natural
Resource Conservation Service,
the U.S. Environmental
Protection Agency, and the U.S.
Fish and Wildlife Service
(USFWS) to discontinue using

the 1989 manual and to use the COE definition codified at 33 CFR 328.3

1987 Wetland Delineation USEPA definition codified at 40 CFR 230.3
Manual instead.

Corps of Engineers and U.S. Environmental
Protection Agency Wetland Definition

“Those areas that are inundated or
saturated by surface or groundwater at a
frequency and duration sufficient to support,
and that under natural circumstances do
support, a prevalence of vegetation typically
adapted for life in saturated soil conditions.
Wetlands generally include swamps,
marshes, bogs and similar areas.”

Other entities such as the USFWS and the State of Hawaii have a broader wetland
definition. In the 1987 manual, a wetland must have evidence of hydric soil, water, and
vegetation indicators. In contrast, the USFWS only requires the presence of one of these
attributes.
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Chapter 2 - Wetland Mapping Process

2.1 Literature Search
2.1.1 Previous Wetland Documentation Efforts

Wetland mapping for a large area such as Pearl Harbor is made more efficient by researching
previous efforts. In this way, efforts can be focused on areas that are believed to have the
highest potential for wetlands. Wetlands are dynamic and change over time so history and land
use is important in the development and evolution of these special aquatic sites.

One of the earlier references is a map entitled Hawaii Territory Survey, Oahu, Hawaiian
Islands, dated 1902. The map measures 27 by 32” at a scale of approximately 0.7 inches per
mile and was developed for the Governor’s Annual Report illustrating conditions as of June 30,
1906. Federal lands, plantations, forest reserves, fishponds, agricultural features, and wetlands
(taro and rice) are noted on this map. While the map provides a good perspective of land use
and major wetlands of the era, it was at too coarse a scale to delineate individual wetlands in the
present mapping project.

Another early source of information are the Corps of Engineers’ 1913 maps of the island of
Oahu. The maps were developed from field surveys undertaken during 1909-1913 to prepare
a plan for defending the island of Oahu from attack. At the time, this had been the most detailed
mapping for an entire Hawaiian island. Thirteen sheets make up the island of Oahu and
provides topological features such as contours, streams, fishponds, and taro 10’i. Pearl Harbor
is on two sheets and includes features such as taro 10’1, salt ponds, and military installations.

In addition to these early references, there are numerous site and site surveys for specific
wetlands such as Kawai Nui Marsh, the Heeia mangrove forest, mangroves, fishponds, bogs,
and historical and cultural references. Particularly helpful documents are Apple and Kikuchi’s
Ancient Hawaii Shore Zone Fishponds (1975) and Sterling and Summer’s Sites of Oahu
(1978). The filling and conversion of fishponds, taro 10’1 and rice fields has impacted the
wetland characteristics of Pearl Harbor. Introduction of alien species such as mangrove, tilapia,
and mongoose has also altered the biological makeup and usage of wetland habitat.

In the early 1970’s, the Corps of Engineers regulatory permit jurisdiction was increased to
include Section 404 of the Clean Water Act. This act expanded the Corps’ jurisdiction from
navigable waters to include wetlands, streams and inland waterways. To help implement this
portion of the permit program, the first comprehensive wetland inventory for the State of Hawaii
was developed with Hall and Elliott’s Wetlands and Wetland Vegetation of Hawaii (1977).
This report focused on major wetlands and included 78 sites on the islands of Kauai, Oahu,
Molokai, Maui, and Hawaii. Pearl Harbor was split into three sites comprising 15 wetlands.
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The maps are based on the 1:24,000 USGS quadrangle maps, U-2 false infrared imagery and
1:6,000 panchromatic aerial photographs. This inventory was prepared prior to the
development of a wetland delineation manual and prior to the establishment of a wetland plant
list for Hawaii. Given the available technology and knowledge of wetlands, this document
provides excellent information and pioneered the way for wetland mapping in Hawaii.

An Ornithological Survey of Hawaii Wetlands (1977) was written by Ahuimanu Productions
for the Corps of Engineers to comply with the Fish and Wildlife Coordination Act and
Endangered Species Act during evaluation of Department of the Army permit applications. The
two-volume report included excellent descriptions of the waterbirds, wetland habitat, and
copies of aerial photographs. A companion reference to the Hall and Elliott report, the same
seventy-eight sites were visited. Comparing the status of the wetlands and waterbird species at
the time with the conditions and land uses of the present shows how manmade changes have
impacted wetlands and wetland habitat.

The National Wetland Inventory (NWI) was developed by the U.S. Fish and Wildlife Service
using the Cowardin System. The NWI covers the nation including the main Hawaiian Islands.
The maps were originally done in the early 1980’s using pen and ink on an overlay of the USGS
1:24,000 quad sheets. The maps were later digitized by Geographic Decision Systems
International and are available in an ArcView shape file through the State of Hawaii. Although
the scale is rather coarse and many of the wetlands have changed, the NWI effort and the Hall
and Elliott study are the only sets of wetland maps that offer coverage over most of the
Hawaiian Islands.

In 1999, the NWI operational team in St. Petersburg, Florida, updated the NWI maps for
Naval installations in Hawaii using 1:62,500 color infrared photographs. The digitizing
techniques have improved and more data is available which has resulted in much better quality
maps than the previous effort. It is important to note that the wetland definition used for the
NWI is not the same as the Corps 1987 wetland delineation manual. While three parameters
(soil, water, vegetation) are required for an area to be considered a wetland by the Corps, only
one parameter is required under the NWI criteria. Thus the NWI maps include areas that are
not jurisdictional wetlands. Appendix F contains the maps and report for the 1999 NWI study.

The Environmental Center and Water Resources Research Center of the University of Hawaii at
Manoa wrote a document entitled Fcologically Sensitive Wetlands on O ahu: Groundwater
Protection Strategy of Hawaii. Focusing on groundwater, this 1989 (draft) report
consolidated much of the available environmental data and identified potential sources of
groundwater pollutants. Unfortunately the only map provided in this document is an 8.5 by 11-
inch plan of Oahu. However, the identification of water sources and consolidation of species
lists were valuable to the present wetland mapping effort.
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Finally, Corps permit records involving wetlands were reviewed. There have been over 200
permit actions in the Pearl Harbor area but only a limited number involve wetlands. Permit files
often contain documents such as Environmental Impact Statements, botanical surveys, and
topographical information which are useful in identifying and researching wetlands. Pertinent
actions were recorded as points on an ArcView shapefile. Excerpts from the permit documents
were scanned and indexed in Adobe Acrobat format and hotlinked to the shapefile. Both the
shapefile and the Acrobat files are included in the CD for this project as are several
environmental documents for wetland related projects. It should be noted that the regulatory
permit program has changed tremendously since the first permit was issued in 1903. Due to
changes in laws and guidance, permit decisions in the past are different than what would occur
today (eg. Excavation rule, changes in wetland delineation manual, etc.). Thus, users of this
data are cautioned not to use permit actions in the past as a basis for current regulatory issues
and that professional judgement needs to be exercised when using any information. It is much
easier and safer to call the Corps Regulatory Branch (438-9258) to get a determination on
permit requirements. Nonetheless, permit files contain important documents which are an
integral part of the written history of the wetlands and former wetlands of Pearl Harbor.

2.2 Field Procedures

Prior to going into the field, a literature search (see previous section) was conducted to
determine where wetlands would be expected to occur. Most of the data was digitally scanned
and is available on the CD for this project. Available GIS data, which also included the U.S.
Fish and Wildlife Service’s National Wetland Inventory, were also used to identify potential
wetland locations. Based on the information obtained, the entire installation was walked and
identified areas were checked and/or delineated. This was followed by wetland delineations
based on the Corps of Engineers 1987 Wetland Delineation Manual and subsequent mapping.
Data sheets containing information on wetland soil, plant and hydrology indicators can be found
in Appendix C.

The wetland mapping is based on a set of digital grayscale orthophotographs prepared by
Geolnsight International and R M. Towill Corporation. The resolution of the photographs was
20 cm per pixel. Orginally provided in TIFF format, the drawings were converted into a format
compatible with Intergraph’s MicroStation and IRASC CADD software. Microstation’s robust
set of drawing tools made it much easier to use heads up digitizing of wetland boundaries. A
database was generated from the Tri Service Spatial Data Standards in MS-Access format. As
each wetland polygon was drawn, it was connected to the database using an ODBC
connection.

It should be noted that no orthophotograph coverage was available for the non Navy properties
in the western shoreline of West Loch. The Corps scanned an April 1997 aerial photograph by
Air Survey Hawaii Inc. and did a rough registration and rectification of the image using ArcInfo.
Since ground control points in the area were not available, the image was registered to points

-6-
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from the U.S. Geological Survey 1:24000 quadrangle maps, orthophotographs, and other GIS
data. While the positional accuracy is rather coarse, it enables one to get a perspective of the
extent of wetlands in this area at a very low cost.

In some cases, the tree canopy and grayscale colors made it difficult to map the wetlands using
orthophotographs. A Trimble Pro XRS global positioning system (GPS) was used to map
wetlands in these areas. The GPS data was differentially corrected to increase accuracy.

2.3 Digital Mapping

This report contains two main products: a reconnaissance wetland map and a wetland
delineation map. Both wetland maps are provided in CADD and hardcopy formats. In the
reconnaissance map, the Corps identified areas with a high potential for wetlands throughout
Pearl Harbor (including areas outside of Navy jurisdiction) based on past delineations, wetland
inventories, studies, and other available information. Approximately 70 percent ground truthing
field work was performed for the reconnaissance wetland map. Delineation level data was not
gathered nor was documentation prepared due to cost considerations. The reconnaissance
level map can be used as a general guide to locate known wetlands and is sufficient for
environmental planning documents. However, this map is not sufficient to be used as certified
wetland delineations for permit applications due to the lack of data documentation.

In the delineation product, the Corps delineated wetlands at the following areas identified by the
Navy: Makalapa Crater, Ford Island, Halawa Stream, McGrew Point, Pearl City Peninsula,
Naval Magazine Lualualei West Loch Branch (including Waipio Peninsula), Iroquois Point
Naval Housing Area, and Puuloa Rifle Range Annex Camp Smith. Naval properties were
colored on a hardcopy map by the Navy and transmitted to the Corps. The hardcopy map was
used to determine the boundaries of the areas to be delineated.

The mapping for both products were based primarily on ground investigations and digital
orthophotographs of the Pearl Harbor area provided by the Navy. Global Positioning System
and hardcopy aerial photography were also used to supplement the orthophotographs. One set
of orthphotographs was prepared by Geolnsight International, Inc. and covered Ford Island,
Makalapa Crater, and a portion of the shipyard out to Aiea Bay. The second set of
orthophotographs was prepared by R M. Towill Corporation and covered the area from Aiea
Bay to Puuloa.

2.4 Database Conventions

The drawings follow the Tri Service Spatial Data Standards. Table 1 shows the structure for a
database which will contain the information for each polygon.
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Table 1 - Data fields for Both Certified Wetlands and Reconnaissance Mapping

Field Domain

Loch West
Middle
FEast

Segment . Puuloa Rifle Range to Iroquois Point L.agoon (Iroquois Housing Area)

. Iroquois Point Lagoon to Honouliuli NWR (NAVMAG Lualualei - West Loch Branch)
. Honoluliuli NWR to Waipahu Interm School Canal (West Loch Shoreline)

. Waipahu Interm School Canal to Waipahu H.S. Channel (Waipio Peninsula)

. Waipahu H.S. Channel to Pouhala Marsh (Middle Loch Shoreline)

. Pouhala Marsh to Waimanu Stream (Pear] City Peninsula)

. Waimanu Stream to West edge of Loko Paaiau Fishpond (East Loch Shoreline I)

8. West edge of Loko Paaiau Fishpond to East end of housing area (McGrew Point)

9. McGrew Point East boundary to North side of Halawa Stream (East Loch Shoreline II)
10. South side of Halawa Stream to South Avenue (Naval Supply Center/Shipyard)

11. Makalapa Crater

12. Ford Island

~ N D B WD —

Wetland id Unique identifier for each wetland polygon

Wetland name | Alphanumeric name of wetland based on the location (eg. Kalauao #12)

Wetland Brief descriptor of wetland
description
RAMS id If applicable, Department of the Army permit(s) or application(s)

Wetland area | In the main table, area is expressed in square meters. Query is used to express area in
acres. Hectare equals 10,000 square meters.

Wetland type | Broad classifications of (1) mangrove; (2) other coastal; (3) stream; (4) other fresh water.

Navy or Used to distinguish whether wetland is primarily on Navy controlled property or not
NonNavy?

The database provides a source for information such as area, vegetation, and delineators. Data
for the fields in Table 2 would be added for areas mapped during the delineation phase. Please
see metadata at Appendix D for more details on the database attributes.

The resulting products provide the location of known wetlands in the Pearl Harbor area. The
map also provides planners with a quantitative estimate of the wetlands within the entire Pearl
Harbor area. Overall wetland area is an important piece of information to compare and
determine the significance of wetland impacts from a project.

Results of the reconnaissance survey should not be used for regulatory purposes as there is no
final wetland jurisdictional delineation. However, if there are any actions which are adjacent or
overlap with the wetland areas identified on the reconnaissance survey, it would indicate that
wetlands may be present and that the Corps should be contacted for permit requirements.
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Table 2 — Added Data From Wetland Delineations

Delineation? Yes/No

Delineation Date that delineation was performed (if applicable).

date

Delineator Three fields with complete first and last name (no abbreviations, separate table)

Primary Scientific names. (This will alert Planners of potential wetlands in areas where these plants
wetland occur. Separate domain table)

plants

Installation Used to group wetlands by the associated area and not necessarily by Naval activity. For

example, wetlands at Waipio Peninsula are considered separately from wetlands at
NAVMAGLLL, West Loch Branch
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3.0.2 Geology of Pearl Harbor

Pearl Harbor is a drowned river
system shaped by streams and by the
rise and fall of the sea over a very
long period of time. Figure 2 shows
the geologic formation of Pearl
Harbor. When the sea level was
much higher, Pearl Harbor was a
wide embayment. Coral reefs and
oyster beds which were living
underwater at the time were exposed
on land when water levels receded.
The sea level dropped at least 60 feet
during the next glacial period as the
ice caps on the poles grew.
Subsequent melting and rebuilding
of the ice caps contribute to the
shape of the island. Geology is
important in understanding why

COIr_?lhné meiterlallf)lg ours at the Figure 2 - Geologic history of Pearl Harbor

Surtace lp places like NAVMAG 1. When the sea stood 95 feet higher. 2. When the sea stood
Lualualei West Loch Branch. At the about 60 feet lower. 3. When the sea stood 25 feet higher.
same time, the erosion of surface 4. Present sea level. (Figs & description from Stearns, 1966)

features and the subsequent
deposition of silt and mud in low lying areas contribute to the formation of hydric soil.
There are very few wetlands towards the entrance channel as compared to areas closer to
the drainage area termini.

3.0.3 Human Influences on the Wetlands of Pearl Harbor

Wetlands are influenced directly and indirectly by human uses. An example of direct
change is dredging or filling to convert a wetland to an upland use. Indirect changes are
offsite activities such as changes to drainage patterns or lowering the water table by
pumping. To understand the history and changes to wetlands in an area, one must also
recognize the changes from local land use and development. This section touches on
some of these activities which have affected the wetlands of Pearl Harbor.

Prior to western contact, the early Hawaiians took advantage of water and surface
features to grow taro, raise fish, and engage in subsistence activities. To raise taro,
agricultural features such as wetland pond systems and auwai were built and maintained
by native Hawaiians. Spring fed areas such as those found at Kalauao, Waimalu, and
Waiau were known to be in taro production. Taro is still being cultivated in Waiawa,
Waipahu, and West Loch.

-11-
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A PACNAVFACENCOM archaeologist provided us with a hardcopy map of the
fishponds in the late 19" century as drawn by the State Historic Preservation Division.
Over twenty fishponds/fishtraps have been documented in the Pearl Harbor area with the
majority of them having being filled in either deliberately or naturally. Both inland and
coastal fishponds existed within Pearl Harbor. A common type of fishpond used an
external wall to close off an embayment or shoreline waters. They typically had one or
more makaha (openings) at the seaward wall. The exterior walls create an environment
sheltered from high wave energy. Over time and disuse, the openings and sometimes the
walls deteriorated creating openings which allow mangrove seedlings to float in with the
tide. The sheltered conditions provide a habitat conducive to mangrove growth and
wetland conditions.

Maintaining these agricultural and aquacultural features required a lot of manpower
which was obtained through the traditional poalima system. In this system and prior to
the Mahele of 1848, a hierarchy of chiefs and stewards controlled the lands. Commoners
provided the labor and a tax system was employed to distribute the products.

With the coming of the Great Mahele in 1848, the lands were distributed in fee
ownership, and the poalima system was discontinued. Without the poalima system, it
became difficult to keep the large fishponds and taro 10’1 in production. Some of the
agricultural features were continued while others fell into disuse. Most of the fishponds
became the property of the Hawaiian government. Asian immigrants, brought in to work
the sugar plantations, created a demand for rice. Some of the taro lo’i were converted
into rice production as was the case at the Pearl City Peninsula. The assimilation of
western and eastern diets also led to a lower demand for taro.

Groundwater pumping also had a tremendous effect on wetlands. The first well on Oahu
was sunk in the Ewa Plain in 1879. Wells enabled irrigation which allowed the
development of sugar in dry arid lands that were never cultivated by the early Hawaiians.
Prior to the installation of wells, sugar was confined to the wetter uplands and to the
heavy rainfall areas on Oahu. By 1910, there were 40,000 acres of sugar in production
and 430 wells were drilled on Oahu. The accessibility of abundant water also fueled the
rapid growth of agricultural, industrial, and urban developments. When the first well was
dug, the fresh water lens was as high as 43 feet above sea level. The lens height dropped
by roughly a third in thirty years due to the heavy pumping. Prior to the pumping, there
were springs above Pearl Harbor from an elevation of 20-25 feet above sea level all the
way to the ocean, as were a myriad of little streams. After the water table was
significantly lowered, only a fraction of the streams remained and there is no doubt that
wetlands were also adversely diminished.

Another significant influence on Hawaiian wetlands was the introduction of mangrove.
The first mangroves in Hawaii were imported from Florida by the American Sugar
Company in 1902. The sugar company used Rhizophora mangle on Molokai to prevent
coastal erosion. A second shipment of mangroves arrived in 1922 from the Phillipine’s
Insular Bureau of Forestry. The seedlings included Rhizpohora mucronata, Brugiera
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sexangula, and Sonneratia caseolaris (Walsh, 1966). Since that time, mangroves have
spread to all the Hawaiian islands. Large forests are present in the streams and
undeveloped shorelines of Pearl Harbor.

Mangroves are prolific and spread through seedlings which are distributed with the tide.
Aerial prop roots allow mangroves to take in oxygen and establish themselves in shallow
water. Their tolerance for salt provides a competitive advantage over other plant species
allowing monotypic forests to occur. Mangrove colonization also encourages sediment
deposition which leads to further encroachment by mangroves. This cycle is evident at
streams such as Halawa, Aiea, Kalauao, Waimalu, and Waiawa. Thus, buildup of
sediments from natural erosion is exacerbated by mangroves.

The massive landclearing and dredging by World War II activities created a need for
disposal areas. Wetlands provided convenient, under utilized areas which were filled and
converted to upland uses. Filling occurred at Makalapa, Pearl City Peninsula, and

Waipio Peninsula in both Navy and non Navy properties well before the implementation
of the Clean Water Act of 1972.

Manmade wetlands, however, were also created and include the sugar process water
settling ponds at Waipio, water features on golf courses, mitigation wetlands, and wildlife
refuges. Channelization of streams and ditches have also caused wetlands to disappear
and be created in other areas.

Wetlands are complex features that are constantly in flux and this report is a snapshot in
1999. The remainder of this chapter describes some of the characteristics of individual
wetlands of Pearl Harbor.

-13-
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3.3 Segment 3 - West Loch Shore (Waiawa Unit Pearl Harbor NWR to Waipahu
Interm School Canal)

Figure 11 shows some of the features in this segment. Wetlands can be found at the
Honouliuli Unit of the Pearl Harbor National Wildlife Refuge, abandoned prawn ponds,
West Loch Shoreline Park, West Loch Golf Course, and along the Waipahu shoreline.

3.3.1 Honouliuli Unit, Pearl Harbor National Wildlife Refuge

The U.S. Fish and Wildlife Service (USFWS) maintains and operates the Pearl Harbor
National Wildlife Refuge (PHNWR). The PHNWR is split into the Waiawa Unit
(located at Pearl City Peninsula; see description chapter 3.6.7) and the Honouliuli unit
located near the abandoned prawn farm.

Aside from the agriculturally farmed wetlands, the PHNWR are the only wetlands that
are actively managed for wildlife. Other mitigation sites occur but they are not actively
managed. The differences between managed and unmanaged wetlands are significant.
At most sites, vegetation control is the most important and most costly aspect of wetlands
management. For unmanaged areas, vegetation will choke the wetlands unless the water
is deep enough to prevent vegetation from rooting. However, deep water is not favored
by wading waterbirds such as the Hawaiian Stilt.

The ability to adjust and control water levels is critical to maintaining shallow water
habitat necessary for waterbird production. Without shallow water or mudflats, the
waterbirds have no foraging area and they become susceptible to predation. Both the
Honouliuli and Waiawa units utilize pump and outlet control structures to regulate water
levels. The two cell pond systems at both units clearly demonstrate Hawaiian Coot and
Hawaiian Stilt preferences for shallow (0-9 inches) water habitat.

On 13 August, 1999, we were escorted to the Honouliuli unit by Mr. Michael Silbernagle
of the USFWS. The refuge is split into a west pond and east pond. The interior of the
west pond contains hydric vegetation such as cattails (7ypha latifolia), knotgrass
(Paspalum distichum), spike rush (Eleocharis sp.), makai (Bolboschoenus maritimus).
Indian fleabane covers some of the islands and is also found on the edges of the ponds.
Mr. Silbernagle indicated that the cattails are favored for nesting by the coot and
moorhen.

To maximize the efficiency of the limited staffing resources, the USFWS focuses their
management on the east pond. The east pond contained cattails, knotgrass, makai, water
hyssop (Bacopa monnieri) and Mexican sprangletop (Leptochloa uninervia). While the
west pond had few birds, Mr. Silbernagle counted 180 coots at the east pond earlier in the
morning with smaller numbers of stilt, moorhen, and shorebirds. A channel runs between
the two ponds and contained American mangrove, knotgrass, and Indian fleabane. This
tidal area is also a wetland.
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3.4 Segment 4 - Waipahu Interm School Canal to Waipahu H.S. Channel (Waipio
Peninsula)

Loko Hanaloa and Loko Eo were two of the largest fishponds in Pearl Harbor. These and
other smaller fishponds were situated on Waipio Peninsula but most have been filled. In
the late 1890’s, Oahu Sugar Company leased a large portion of Waipio Peninsula. Sugar
cane was cultivated over most of the lands and drainage and irrigation systems were
installed. Sugar cane has since been phased out and there are still Navy facilities in use
on the peninsula. Mangroves have proliferated into large forests at sheltered areas of
Waipio Peninsula.

The existing features of Waipio Peninsula are shown on Figure 17. A large portion of the
peninsula closest to the Ted Makalena Golf Course is currently being developed into the
City and County of Honolulu’s Waipio Peninsula Soccer Park. The Final Environmental
Impact Statement (FEIS) has been scanned in Adobe Acrobat PDF format and is included
in the CD. The FEIS contains maps, using aerial photographs as a base. A majority of
the park will be built on lands leased from the Navy.

3.4.1 Pouhala Marsh

Pouhala Marsh is located on the northwest corner of Waipio Peninsula and is bounded by
Kapakahi Stream, a landfill area, mangrove forest and the bicycle path/access road.
Waikele Stream flows on the western side of the marsh behind the mangrove forest.
Kapakahi Stream flows on the eastern side of the marsh, along Waipahu Depot Road.
Water ponds in a large mudflat area on the east side of the property. Hawaiian Stilt were
observed on every visit to this mudflat. Similar to other areas of Pearl Harbor, American
mangrove and pickleweed colonize the shallow areas, shoreline, and mudflat areas.

Ducks Unlimited, Inc. (1998), prepared an Environmental Enhancement Plan for Pouhala
Marsh on behalf of the State Division of Forestry and Wildlife, U.S. Fish and Wildlife
Service and the City and County of Honolulu. The proposed plan would enhance wildlife
habitat in the marsh by removing trash and 66,000 cubic yards of fill, fencing, vegetation
clearing, and creating a hydrologic connection to Kapakahi Stream. The plan has been
scanned into Adobe Acrobat PDF format and is included in the references folder of the
CD (Pouhala.pdf).

3.4.2 Coastal Mangrove Forests

Mangrove forests occur along the shorelines primarily along embayments and low energy
shorelines of Waipio Peninsula. Walker Bay is a large indentation on the west side of the
peninsula which contains a lot of mangroves on its edges. The shoreward edges of the
forests contain milo and patches of pickleweed indicating the probable shoreline prior to
mangrove colonization.
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3.4.4 Ted Makalena Golf Course

Golfers who use this municipal course are familiar with the frequently muddy conditions
over some of the fairways. The high salinity restricts grass on these affected fairways.
The Wailani drainage channel passes through the course and both banks are colonized by
mangroves. The sides of the unlined channel meet the wetland criteria.

3.4.5 Wetland below Waipahu Intermediate School (Ref. permit no. 980000116)

This depressional wetland is surrounded by Pupuole Mini Park, Waipahu Intermediate
School, Waikele Stream, and the railroad right-of-way. Waipahu Intermediate School is
on a bluff overlooking the park and wetland. The park is at a higher contour than the
wetland and elephant grass is the primary vegetation between the park and the wetland.
The railroad right of way forms a barrier between a mangrove coastal wetland and the
subject wetland which is dominated by bulrush (Scirpus validus). Vegetation transitions
from elephant grass (Pennisetum purpureum) to California grass before it reaches
Pupuole Mini Park. On the eastern end, the wetland transitions into elephant grass before
emptying into a waterway named on the site plan as Waipahu drainage canal. The
vegetation near the right-of-way includes umbrella sedge Cyperus involucratus), spiny
amaranthus, Indian fleabane, sourbush, koa haole and castor bean.

3.4.6 Hawaii Plantation Village (Reference permit no. V90-048)

Hawaii Plantation Village is located in Waipahu below the old sugar mill. The buildings
of the Hawaii Plantation Village are located on the higher elevations of this property
towards the sugar mill. Fringes of the park are within the wetland and there are small
ponds near the plantation homes. This wetland is in and adjacent to the village and
Waikele Stream. However, there is a dam which prevents interchange of water between
the stream and the wetland. According to one of the farmers in the area, there are springs
which feed the area and the water is directed to the east towards Waipahu Depot Road
where the drainage system takes the flow towards Pearl Harbor.

A large part of the wetland is currently leased for farming taro. This wetland covers
approximately 7.5 acres. The Lau family uses most of the wetlands but smaller farmers
lease portions of the wetland for growing taro and other crops. The spacing between taro
plants provided good foraging conditions for waterbirds. During our visit on 1 October
1999, we saw 5 Hawaiian Stilt in the ponds. Apple snails are abundant and a major
problem for taro farmers. Water hyssop was common in untended taro plots. Honohono,
duckweed, Jobs tears and umbrella sedge were also observed. In addition to the taro,
there was a wide variety of vegetables being cultivated in dry areas including the berms
around the ponds.

This area is not on Navy property and a reconnaissance level wetland survey was
conducted. The area was mapped as one wetland rather than a multitude of small
wetlands.

-27-

AR00044232






‘Wetlands of Pearl Harbor

Pearl Harbor, Oahu, Hawaii Manuscript/PH-3-6.DOC

U.S. Army Engineer District, Honolulu

3.6 Segment 6 - Pearl City Peninsula (Waiawa Unit, Pearl Harbor National Wildlife
Refuge to Waimanu Stream)

The Pearl City Peninsula is bisected by Waiawa Stream and is used, among other things,
for military operations, residential housing, fuel storage, a sewage pumping station, and a
wildlife refuge. Most of the development and principal activity are found in the area east
of Waiawa Stream. Large mangrove forests cover a major portion of the undeveloped
shoreline areas. Landward of the peninsula, there is still a fair amount of agricultural
activities in wetlands.

Paul H. Rosendal Inc. prepared an archaeological report of the area for the Waiawa
Floodplain Feasibility Study (Helber, Hastert, and Fee, 1994) and included an 1897 map
(Figure 20) of the peninsula. At the

time of the 1897 map, most of the area
was in rice and taro production and
there were at least four fishponds
(Loko Kuhia Loho, Loko Apala, Loko
Pa’au’au, and Loko Weloko). Major
changes in land use from agricultural
to urban and industrial have
significantly reduced the amount of
wetlands in the Pearl City Peninsula.
All of the rice fields and fishponds
have been either filled or covered with
mangroves and are no longer in use. A
large portion of the area west of
Waiawa Stream was used as a landfill
for solid and hazardous waste disposal
in the 1960’s and 1970’s.

Figure 21 shows the Pearl City

Peninsula (PCP) and location of sites _ —
Figure 20 -1897 Historic Land Use Map by PHRI,

described in this chapt'er. Large Appendix from Waiawa Floodplain Feasibility Study
mangrove forests persist on the (Helber, Hastert and Fee, 1994)

undeveloped shorelines, Waiawa

Stream, and in one of the drainage ditches along the landfill. The Waiawa Unit of the
Pearl Harbor National Wildlife Refuge is also one of the remaining major wetlands in the
area and Pearl Harbor and provides mudflats and shallow water habitat for endangered
waterbirds. Another wetland area is the pickleweed fields located behind the abandoned
Pearl City sewage treatment plant (STP) west of Waiawa Stream. Another large wetland
area is at the area north of the tank farm and bounded by the bicycle path, the sewage
pump station, Lehua Avenue, and Waiawa Stream. Inland of the Peninsula, agricultural
activities still occur in the wetlands along the Waiawa floodplain.
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3.6.2 Wetland between Fuel Annex, Waiawa Stream, bike path and Lehua Avenue

This wetland was the subject of a 1994 study for a sediment removal facility and a
wetland delineation was performed by the Corps. The delineation was included in the
final report whose technical appendices also included a botanical study, soils
investigation, and archaeological report. The study and its appendices have been scanned
into Adobe Acrobat format (PCPFld.pdf) and are included in the references section of the
CD that accompanies the present wetland mapping report.

Two berms criss-cross the site as shown in figure 24. The first berm has a City and
County utility easement running from the City and County pump station to the abandoned
sewage treatment plant on the west side of Waiawa Stream. This easement includes a
pipeline crossing over Waiawa Stream and overhead lines. The second berm has an 8-
inch underground fuel line and runs from the fuel annex to the northwest corner of the
property. Both berms are choked with heavy vegetation including elephant grass,
monkeypod, and Java plum (Syzygium cumini). Both berms also have low points which
are breached during floods. The berms divides the area into four quadrants with three of
these quadrants containing wetlands. We walked the entire perimeter of each of the
wetlands.

The north quadrant is the smallest and closest to the sewage pump station. This area is
dominated by elephant grass and Guinea grass and is the smallest quadrant. Large
monkeypod (Samanea saman) trees cover the area near the bicycle path with an opening
for the sewer line berm. Macaranga tanarius, castor bean, and Java plum are also
common. This area does not contain wetlands.

In the previous delineation by the Corps, the east quadrant contained more wetlands than
in the present study. We took two sample points in the highest lobe of the California
grass wetland. The soil was very well drained and was not saturated, even at 18 inches
beneath the surface. A couple of hundred feet towards the ocean, the soil and hydrology
are much clearer with standing water in the summer months and obligate wetland plants.
The soil was darker and exhibited more distinct mottling patterns. Water crosses the
berm and feeds into the wetlands of the south quadrant. Job’s tears (Coix lachryma-jobi),
umbrella sedge, California grass, primrose willow (Ludwigia octovalvis) and honohono
(Commelina diffusa) are found in these areas.

The drainage ditch controls the water level in the south quadrant. There are two wetland
communities in the south quadrant: a California grass meadow and a mixed forest
wetland. Just upstream of the ditch, there are several inches of standing water in a
California grass dominated wetland. Job’s tears, umbrella sedge and primrose willow are
also found here as are castor bean, Java plum, and monkey pod trees near the edges. By
far, the dominant wetland species are the California grass and umbrella sedge which form
nearly monotypic stands. Maile pilau (Paederia scandens) weaves through this wetland,
particularly on the edges.
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West of the ditch, the landfill ends at about the beginning of the ditch and proceeds
towards Waiawa Stream. There is a grove of hau (Hibiscus tiliaceus) between the
boundary the wetland and fill. This area is best described as a mixed forest interspersed
with wetlands. Coconut trees (Cocos nucifera), Christmas berry (Schinus
terebinthifolius), dates, and Java plum are found in this area. Surface water runs through
the forest area and duckweed and Jobs tears can be found in some of these areas. The
entire area was mapped as a wetland as shown on figure 24 which is consistent with the
previous delineation.

Six data points were taken and supplemented with the data sheets from the 1993 wetland
survey. See appendices from the Waiawa Floodplain Feasibility Study (Helber Hastert
and Fee, 1994) for previous wetland data sheets, soil survey, botanical survey and
archaeological survey. The wetland area has decreased since the last survey due to heavy
vegetation growth. All of the trails, including the berms, are choked with vegetation and
we spent many days cutting trails.

The fuel annex is located east of the drainage ditch. The area is built atop former rice
fields and fill extends to the tree line to the north forming the boundary for the wetland.
This area proceeds towards Lehua Avenue before swinging around towards the sewage
treatment plant. Elephant grass and monkeypod are common. Kiawe and koa haole are
common on the filled area. The fuel annex does not contain wetlands.

The west quadrant also contained a California grass and umbrella sedge wetland. The
water table is high and the soil had low chroma. Elephant grass is encroaching into the
area and is decreasing the jurisdictional area.

3.6.3 Drainage ditch from wetland #2100106098 past tank farm, to housing area to
Middle Loch

There is a drainage ditch west of the fence line which extends from the west side of the
tank farm south to the housing area which then proceeds west to Middle Loch. This ditch
is in the approximate vicinity of the south and west boundaries of the former Loko
Paauvau fishpond. American mangrove dominates the banks and center for the entire
length of the 40-50 foot wide ditch.

Other plants along the banks in the lower reaches include hau, milo, Indian fleabane, and
koa haole. In upper reaches of the ditch, Indian fleabane, sourbush, California grass,
umbrella sedge, and duckweed (Lemna sp.) are more common.

The ditch contains standing water from the beginning to the end. In the lower reaches
near the outlet we observed tilapia and barracuda in depths of one to two feet. In the
higher reaches, mosquito fish are abundant and depths are generally less than one foot..
Tilapia were seen as far upstream as the vehicular bridge on Waipuna Avenue.
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The soils were not checked because standing water was present on multiple visits to the
Pearl City Peninsula. Water blackened leaves and the odor of decomposing organic
matter attests to the anaerobic conditions that the soils in this ditch are subjected to. The
area meets the Corps 1987 Wetland Delineation Manual definition of a wetland. Wetland
numbers 2100106093 through 2100106097, and 2100106287are all a part of this ditch

system.

The interior of the peninsula between the drainage ditch, housing area, and Waiawa
Stream, is all landfill and do not contain any wetlands. The vegetation is best
characterized as dry scrub. Guinea grass, koa haole, kiawe, and Indian fleabane are
common species.

3.6.4 Mangrove and Milo Forests along Waiawa Stream

The undeveloped portions of the western shoreline of Pearl City Peninsula is dominated
by mangrove. The mangrove forest extends into Waiawa Stream on both sides of its
banks. Loko Paauau was formerly located on the eastern side of the stream prior to being
filled.

The stream bottom is tidally inundated up to the bottom of the banks which results in
daily saturation of the soil. Soils were sampled on both sides of the stream. In general,
the soils were dark and mucky with a lot of organic material.

The accreted areas beyond the toe of the banks are almost monotypic stands of American
mangrove with milo, Indian fleabane and Christmas berry encroaching on the banks.
Looking glass tree (Heritiera littoralis) was also seen within the American mangrove
forest on the east side of Waiawa Stream. The upland vegetation is primarily koa haole,
kiawe, Guinea grass, buffel grass and Indian fleabane. The mangrove forest is considered
a wetland between the toes of the two banks.

Upstream and on the west side of Waiawa Stream, the banks are steep with drops ranging
from three to six feet to the water surface. Between the bicycle path and the Waipuna
Avenue bridge (currently under construction), dense thickets of Aau line the stream bank
with smaller patches of California grass, pickleweed, and elephant grass interspersed
between the hau. Although the /hau, California grass and pickleweed are hydric
vegetation, the soils were dry and crumbly with no wetland hydrology indicators. Thus
these areas are not considered wetlands.

Downstream of the Waipuna Avenue bridge, sau is found along the bank which
gradually slopes into the stream. Here the vegetation transitions into mangrove. A berm
separates the mangrove forest from a small field of pickleweed. In this location, a sample
point was taken and it was determined that this is a tidally influenced wetland.
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on the edges accompanied by Indian fleabane and cattails. Koa haole is common in the
upper areas.

The southern pond is more heavily managed and had a much greater number of stilt.
Previous visits also showed a higher concentration of coots. Mike explained that this
pond is closer to the ocean and has a higher salinity. The islands are covered primarily
with California grass with the edges dominated by makai and knotgrass.

The water levels are carefully controlled by pumping water. The water is used to drown
vegetation and also to optimize waterbird habitat for the endangered Hawaiian stilt. If
water levels are shallow enough, the stilt and other wading birds are able to use the pond
as a loafing or foraging area. In natural conditions, this type of shallow water would be
colonized by mangrove, pickleweed, or other aggressive vegetation and be unusable by
waterbirds. The pump station is located west of the perimeter berm near the west corner
of the refuge at the north pond. The water is pumped to both ponds near the west end of
the interior dividing berm

The shoreline surrounding the refuge are monotypic mangrove forest. There is a patch of
pickleweed located on the outside of the refuge near the intersection of the perimeter and
the dividing berms. Indian fleabane, kiawe, and milo are also found in the area.

3.6.8 Agricultural wetlands adjacent and north of the bicycle path

A Chevron crew was installing a new pipeline and excavated a trench near the bike path.
The water surface was within 10 inches of the surface and the soil was very black, wet,
and clearly hydric. Vegetation was primarily pickleweed with Indian fleabane. The
strips with hydric vegetation next to the bicycle path in this area are considered wetlands.

The ponds to the north next to the bike path were also field checked. These ponds are on
privately controlled property and thus no attempt was made to verify ponds past the first
set nearest the bicycle path. Cattail, California grass, Indian fleabane, sourbush, bulrush,
water hyssop, umbrella sedge, primrose willow and water lilies (Nymphaea sp.) were all
seen. In the pond containing water lilies, a pair of moorhen and a single coot were
observed foraging. Surface water was evident in several of the ponds.

Watercress (Nasturtium microphyllum) was seen from afar in some of the interior ponds.
Agricultural use helps to preserve wetlands from being filled and from invasion of upland
vegetation. The agricultural fields in the Waiawa floodplain provide a large portion of
the remaining freshwater wetlands in the Pearl Harbor region.

The stream outlet west of the NWR contained duckweed, California grass, water hyacinth
Indian fleabane, and mangrove. The areas within the stream are considered wetlands.
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3.8 Segment 8 - West edge of Loko Paaiau Fishpond to East end of housing area
(McGrew Point)

The main cartographic features are shown in figure 36. McGrew Point Naval housing
area is bounded by Aiea Bay State Recreation Area to the east, Kamehameha Highway
and the bicycle trail to the north, and Loko Paaiau to the west. Located on a headland,
the property slopes downward towards the east, south and west. There are no wetlands in
the interior of the property. Wetlands are located along the shoreline. Kalauao Stream to
the west and Aiea Stream to the east are the closest streams.

The most significant wetland feature is the mangrove-choked Loko Paaiau Fishpond on
the northwestern boundary of the property. The interior of Loko Paaiau is deep enough
to prevent mangrove encroachment. However, the edges are choked with mangrove
which helps to buffer the area from McGrew Point Housing Area and creates a secluded
area for fish. There were no waterbirds observed during several visits to the fishpond.
Patches of monotypic stands of pickleweed occur along the shoreline and at the opening
of the fishpond. However, American mangrove is the predominant vegetation in and
around Loko Paaiau. Towards the edges Aau, Guinea grass, Indian fleabane, koa haole,
kiawe, and ‘opiuma (Pithecellobium dulce) are common. A sample point was taken on
the spit of land forming the seaward boundary of the fishpond. This area was completely
covered by American mangrove.

Based on the presence of all three wetland criteria, the area surrounding Loko Paaiau is
considered a wetland. There is a fence running from the ocean to the bicycle path at the
east boundary of McGrew Point. There is fill material outside of the McGrew Point
boundary within the fence and there are non wetland plants such as ‘opiuma, date, and
Christmas berry. Thus the tree line is a conservative estimate of wetlands. If this area is
to be developed at a later date a more refined wetland delineation may be warranted.

According to Sterling and Summers (1978), terraces irrigated from Kalauao Stream fed
into Loko Paiau. There are no longer any terraces as the area was modified for sugar
cane and is now heavily developed for housing. There is a which is used as a
conservative wetland delineation boundary.

Outside of Loko Paaiau, the soccer field and recreation facilities are situated in a low area
which drains the McGrew Point Housing area. The drainageway terminates at a flat area
before reaching the shoreline. This area is colonized by pickleweed and was mowed on
at least two occasions during the several visits made to the area. Like Ford Island, the
pickleweed and mangroves colonize the area due to the lack of competition from other
species.

There is a drainage ditch that exits seaward of the soccer field and adjacent to a portion of
the fence. This area contains water hyssop and there is an open water connection. This
area is fenced and also considered a wetland. The field is low in this vicinity and the
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ground was saturated at the time of visit. If the field was not maintained, it is likely that
this area could revert to a wetland.

At the shoreline on the housing side of the fence is a low lying area that is covered with
pickleweed. This area was mowed between the two visits and the area is likely to be
maintained. Based on the hydrology and a soil sample taken at this site, the area is a
wetland

Walking in a counterclockwise direction towards the Aiea Bay State Recreational Area,
the shoreline is abrupt as the elevation rises and there is a steep slope towards the shore.
A fence is offset inland from the top of bank and extends all the way to the access road to
the State recreational area. There is a large stand of night blooming cereus (Hylocereus
undatus) on the east side of the peninsula. Other upland vegetation includes sourgrass
(Digitaria insularis), swollen finger grass, and spurge (Chamaesyce hirta). There are
several pockets of wetlands on the bottom of the slope caused by the colonization of
American mangrove. The mangrove does a good job in protecting the shoreline from
erosion but also prevents shoreline access. Shoreward of the mangrove are milo, kiawe,
and Indian fleabane. Almost all of the wetlands are outside of the fence and thus it is
unlikely that there will be any Naval development in these areas in the near future.

The topography rises past this flat area creating a bank extending from the shoreline to
the housing area. Generally, the seaward face of McGrew Point is clear of mangrove.
Along the Aiea Bay shoreline, there are several large stands of mangroves. Several
points were dug in this area. In general, the shoreline is very cobbly with a lot of smooth
rounded stones. The stones are gray and appear to be chunks of clay which are well
rounded and fractures very easily. Some of the clay near the shoreline is mixed in with
the soils to give an appearance of gleying. Most of the mangrove areas are tidally
influenced or at the very least, periodically inundated. The debris often extends beyond
the mangrove. The mangrove areas meet the three criteria for wetlands.
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3.9 Segment 9 East Loch Shoreline I1

Segment 9 extends from the east side of McGrew Point to the north side of Halawa
Stream. This area includes the Aiea Bay State Recreation Area.

The shoreline between McGrew Point and the Admiral’s boat house were also checked.
The shoreline has a lot of American mangrove concentrated at the mouth of Aiea Stream
and headed towards the boat house. The State was actively trimming the mangrove and
milo along the shoreline at the recreational area to maintain a view plane while still
leaving the root substructure which serves to protect the shoreline. Photos were taken
from the overpass at Moanalua Road.

3.10 Segment 10 - South side of Halawa Stream to South Avenue
Halawa Stream

Halawa Stream consists of a North Branch and a South Branch. The headwaters of the
North Branch is located approximately 7 miles upstream from its outlet while the South
Branch headwaters is located just over 3.1 miles from its terminus (COE headwater
study). Due to access constraints, we did not proceed more than 200 feet upstream of
Kamehameha Highway along the east bannk of Halawa Stream. If future work is
planned, this area should be rechecked for wetlands.

The stretch of Halawa Stream that pertains to this study is tidally influenced and runs
from the Salt Lake Boulevard bridge to the outlet at the Arizona Memorial visitors center.
There are three other crossings downstream of Salt Lake Boulevard. The first is the
bridge carrying two lanes of west bound traffic on Kamehameha Highway which is
followed by a second bridge carrying two lanes of east bound traffic on Kamehameha
Highway. During the field investigations for this study, a State Department of
Transportation Highways Division survey crew was performing a topographic survey for
a replacement bridge. The third crossing is down stream from the Kamehameha
Highway bridge and carries the fuel pipeline and pedestrians.

Halawa Stream has been dredged in 1965 (VTN, 1977) and at least twice in the last 25
years. American mangrove has colonized both sides of the shoreline in the vicinity of
Kamehameha Highway. People were crabbing and fishing in the stream at the time of the
survey and a variety of fish including mullet, tilapia, and a large puffer fish (Diodon
holocanthus) were observed. Further upstream Indian fleabane was more dominant.

Mangroves are listed as obligate wetland plants but of themselves do not constitute a
regulatory wetland. Mangroves can be found in other waters of the U.S. including
streams, rivers, embayments and shorelines. Their seedlings drop from the tree and float
to calm, shallow water where they become established. In areas where there is a buildup
of sediment caused by mangrove encroachment, the stream or shoreline may change from
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a waterway to a wetland. This is the case in the area between the bridges over
Kamehameha Highway and the pipeline crossing. Sample points were taken on the east
side of the stream as shown. The soil had low chroma and exhibited indications of

gleying.
Shipyard

Based upon a request from PACNAVFACENGCOM, we visited the shoreline from the
pier near Building 478 to pier K12. The shoreline is presently covered by construction
debris with milo occurring in the area. The top of the slope was 4-8 feet higher than the
water level at the time of the visit. Because most of the area is paved or hardened,
wetland hydrology and soils are not present thus these areas are not considered wetlands.

The remainder of the shoreline up to South Avenue appears to be hardened with the
exception of portions of the Hospital Point Housing area. We visited this site and found
that the landward portions of the area drops down 2-4 feet to a coral and sand substrate.
Mangrove and milo exist in relatively sparse clumps. This area and the shipyard area as a
whole, does not contain any jurisdictional wetlands.
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Chapter 4 - Summary and Conclusions

4.1 Overall Summary of the Wetlands of Pearl Harbor

In the past 150 years or so, Hawaiian society, economy, and environment has undergone
tremendous changes. These changes have impacted the quantity and quality of wetlands in
ways that were never foreseen. But all things considered, there is still a variety of wetlands
remaining in the Pearl Harbor area and it would be prudent to consider their value in all planning
processes. Table 3 below is a summary of wetland acreages in the Pearl Harbor area.

At the time that this report was completed, a total of 456.41 acres of wetlands were found in
the Pearl Harbor area. The final total should be higher when taking into account additional
wetlands in the Waiawa floodplain and additional watercress area in Aiea. These areas are
outside of the orthophotograph coverage. Both of these areas are in active agricultural use
which is a major reason why these wetlands exist in as good a shape as they are in today.

Table 3 - Types of Wetlands in Pearl Harbor

Mangrove | Other | Stream Other Totals

Coastal fresh

water
(acres) (acres) | (acres) (acres) (acres)
Navy Property 115.66 4.71 0.35 6.24 126.96
Non-Navy Property 17274 77.28 13.42 66.01 329.45

Totals | 288.40 81.99 13.77 72.25 456.41

(acres) (acres) | (acres) (acres) (acres)

East Loch 38.82 3.61 18.87 1.76 63.06
Middle Loch 63.75 23.32 22.80 6.40 116.27
West Loch 185.82 55.07 30.58 5.61 277.08

Totals | 288.39 82.00 72.25 13.77 456.41

In general, the freshwater wetlands like those found in Waiau, Pearl City Peninsula, and the
mitigation site at Kolea Cove’s property are undergoing a natural decline as aggressive alien
plant species encroach into the wetland and shrink the boundaries. This is typical of formerly
farmed wetland areas after they are abandoned. A similar example is the Niumalu Marsh area
on Kauai. A spring fed marsh, this wetland was once farmed in taro and later converted to rice.
Photographs in the early 1900’s show the area as being clear of obtrusive vegetation.
Abandoned over 50 years ago, the areas that are not farmed are now overgrown with
California grass, primrose willow and #onohono. These are the same plant species that are
invading some of the aforementioned wetlands in Pearl Harbor. If nature is allowed to take its
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course, the vegetation will keep piling up and sediments will continue to be trapped in these
wetlands. This cycle will lead to the conversion of wetlands to uplands. Wetland functions such
as waterbird habitat and flood storage will also continue to decline.

Another concern is the mangrove colonization of mudflats and coastal areas. Since its
introduction in the early 1900’s, it has become the dominant vegetation in low energy coastal
areas. Table 4 shows that mangroves dominate 63% of the wetlands in Pearl Harbor.
Mangrove has both positive and negative aspects to it. Large forests of mangrove cover much
of the Pearl Harbor shoreline. Similarly, mangroves are heavily entrenched in most of the
streams including Halawa Stream, Aiea Stream, Kalauao Stream, Waimalu Stream, Waiawa
Stream, and Kapakahi Stream. For the deeper and wider streams, the mangroves are not a
problem. However, for the shallower and narrower streams, such as Kalauao, the mangroves
are constricting the stream channels which could impact drainage conditions during periods of
high flow.

On the flip side, mangroves prevent erosion of the shoreline and allow sediments to settle out of
the water column. These actions help reduce the sediment load in the harbor. By trimming the
mangroves, a view plane can be maintained while enjoying the benefits of shore protection. An
example of this can be seen at the Aiea Bay State Recreation Area. Mangroves also provide
habitat for small fish, crabs and invertebrates.

The U.S. Fish and Wildlife Refuges, Pouhala Marsh, and mitigation sites are the only areas
which have the luxury of being maintained for wildlife functions. Most of the waterbirds seen
during numerous field visits were in these areas which account for 14% of the wetlands in Pearl
Harbor. However, quite a few stilt were seen in other areas such as the abandoned sewer
treatment plant at Pearl City Peninsula, and the ponds near the West Loch golf course. Until
recently, many ducks used the manmade pond at the entrance to Ewa-by-Gentry subdivision at
the intersection of Kolowaka Street and Fort Weaver Road. The old sugar mill process water
ponds at Waipio Peninsula have dried up and are no longer used by waterbirds. Considering
the high value of the ponds during the time of the Ahuimanu Productions study in the 1970’s, the
loss of these ponds adversely affect the availability of suitable waterbird habitat.

Human use of wetlands are in most cases beneficial to keeping wetlands from disappearing.
Farming of wetlands helps by removing unwanted vegetation, maintaining open water, providing
a food source and shelter for wetland animals. Agricultural crops in the Pearl Harbor area
include ung choi, taro, hasu, watercress, and aquarium plants. Englis (1993) indicated that
certain agricultural sites are highly productive sites for endangered waterbirds.

Even silt basins with no intent to provide biological functions, requires management. The basins
become filled with sediment and vegetation and need to be periodically cleared. The silt basin
at West Loch (see chapter 3.3.1) has its own problem in that someone is stealing the fencing
material. The USFWS refuges have also encountered this problem in the past.
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In recent times, the largest growth in wetlands and open water has come from golf course
development while the largest decrease has come from agricultural activities. Many of the new
golf courses are on lands formerly used for agricultural purposes. Golf course ponds provide
habitat for waterbirds particularly during drought conditions. They also help to filter sediments

and, in some cases, provide groundwater discharge. In the past decade, many golf courses with

open water have been developed in the region. This includes the New Ewa Beach Golf Club,
West Loch Golf Course, Hawaii Prince Golf Club, Coral Creek Golf Course, Ewa Villages
Golf Course, and Waikele Golf Club.

Table 4 below compares the major uses of wetlands in the Pearl Harbor area.

Table 4 - Major Wetland Uses in Pearl Harbor

Agriculture Golf Sediment | Waterbird | Sewage Other Total
Course Basin / Treatment
Flood
Storage
East 18.70 0.00 1.98 0.21 0.00 4217 63.06
Loch
Middle 14.29 1.37 21.39 19.51 0.00 59.71 116.27
Loch
West 7.56 27.12 0.27 43.66 1.58 196.89 277.08
Loch
Total 40.55 28.49 23.64 63.38 1.58 298.77 456.41

The authors of this report are of the opinion that mitigation banking should be considered for
small wetland fills where wildlife functions are important. Wetlands providing wildlife habitat
require maintenance which is impractical without a long term commitment. Natural waterbird
habitat in Pearl Harbor is at a premium and a small maintained wetland is much more desirable
then a larger wetland without any maintenance at all.

4.2 Summary of Wetlands on Naval Properties in Pearl Harbor

Table 5 below shows the breakdown of wetlands on Naval properties. This accounts for 28%

of all the wetlands in the Pearl Harbor Region.
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Table S - Types of Wetlands on Navy Properties in Pearl Harbor
Mangrove | Other | Stream | Other Total
Coastal fresh
water
(acres) (acres) | (acres) | (acres) (acres)
Puuloa Rifle Range 0.00 0.00 0.00 0.00 0.00
Iroquois Point Lagoon (Iroquois 2.86 0.00 0.00 0.00 2.86
Housing Area)
NAVMAG Lualualei - West 14.74 0.00 0.00 0.00 14.74
Loch Branch
Waipio Peninsula 36.61 0.86 0.00 0.00 37.47
Pearl City Peninsula 56.05 3.85 0.10 6.24 66.24
McGrew Point 5.27 0.00 0.00 0.00 5.27
Naval Station Pearl Harbor 0.13 0.00 0.25 0.00 0.38
Complex
Makalapa Crater 0.00 0.00 0.00 0.00 0.00
Ford Island 0.00 0.00 0.00 0.00 0.00
Total | 115.66 4.71 0.35 6.24 126.96

Of these areas, Puuloa Rifle Range, Naval Supply Center, Shipyard, Makalapa Crater and
Ford Island do not presently have any wetlands as defined by the Corps of Engineers 1987
Wetland Delineation manual. However, there are hydric indicators present at all of these areas
which could potentially be considered wetlands in the future.

Table 5 shows that the mangrove forest wetlands are the most common type of wetlands on
Navy property at Iroquois Point Lagoon, NAVMAG Lualualei West Loch Branch, McGrew
Point, Halawa Stream, Pearl City Peninsula and Waipio Peninsula. Pearl City Peninsula has the
most variety of wetlands and the only freshwater wetland on Navy property. At 52%, Pearl
City Peninsula contains the highest percentage of wetlands on Navy property followed by
Waipio Peninsula (29%) and Naval Magazine Lualualei West Loch Branch (12%). The total of
the remaining areas contain less than 7% of the wetlands on Navy property.

4.3 Conclusions

It has been many years since a regional wetland inventory in Hawaii of this magnitude has been
undertaken. Regional inventories are necessary to understand the evolution of wetlands and
cumulative impacts from wetland fills. Modem technology to improve the techniques in
capturing and analyzing data have helped make the data more useful in explaining the
evolvement of the wetlands of Pearl Harbor. Certainly, the U.S. Navy is to be commended in
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taking the proactive action to fund this study. It is hoped that the products derived from this
study will add to the knowledge base and make it easier for planners and regulators to
understand and communicate with each other in regard to actions affecting wetlands in Pearl
Harbor. And for others, we hope that this data will lead to an appreciation of the wetlands of

Pearl Harbor.
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